Cellular levels of an L-asparaginase in a Chiamydomonas species were found to be greater in nitrogen-limnited batch cultures than in batch cultures grown in ample nitrogen. Cells grown in high nitrogen medium (5 mM NH4C1) and suspended in nitrogen-free medium showed a 2-to 3.5-fold increase in activity after 24 to 48 h. This increase in activity was inhibited by cyclohexinide and by the addition of high levels of combined nitrogen (5 mM NH4C1, NaNO3, or Lasparagine), suggesting repression by ambient nitrogen levels as the mode of regulation of this enzyme. Derepressed L-asparaginase activity did not disappear in the presence of high concentrations of medium nitrogen, indicating the absence of an asparaginase-degrading system. Derepression of asparaginase by this organism was light dependent and inhibited by 3-(3',4'-dichlorophenyl)-1,1-dimethylurea, suggesting a requirement for photosynthetic energy.
Although the factors controlling the synthesis of L-asparagmase (EC 3.5.1.1) have been well characterized in bacteria (2, 3, 14) and fungi (4) and at least partially described in higher plants (1) , little is known about the regulation of this enzyme in eucaryotic microalgae.
Recently, a Chlamydomonas species was isolated that could utilize L-asparagme as the sole nitrogen source for growth equally as well as inorganic forms of nitrogen (N03 , NH4+) (11) . No other amino acid could be demonstrated to support growth (J. H. Paul, Ph.D thesis, University of Miami, Coral Gables, Fla., 1980). Results of studies employing L-[14C]asparagine suggested that only the amide of asparagine was used for growth, liberated by the action of an Lasparaginase located near the cell surface (11) . When cells were grown at concentrations of Lasparagine, sodium nitrate, or ammonium chloride that were limiting to growth (0.1 mM), increased L-asparaginase activity was observed (11) . Glutamine synthetase levels were also shown to increase in response to nitrogen deprivation, whereas glutamate dehydrogenase activity displayed the inverse response in ammonium-and asparagine-grown cultures (J. H. Paul and K. E. Cooksey, manuscript in preparation).
In this report we have investigated the capacity of this organism to derepress L-asparagmase in the absence of combined nitrogen.
MATERIALS AND METHODS Growth of the organism. The Chlamydomonas species employed in all experiments has previously t Present address: Code 4354, Naval Research Laboratory, Washington, D.C. 20375. been described (11) . All cultures employed were axenic, and aseptic precautions were taken in their handling. Cells were counted with a hemacytometer. All cultures were maintained on ASP II media (13) as previously described (11) .
Derepression experiments. A 250-ml culture was grown at 3,500 lux and at 27 ± 10C in ASP II in which the nitrate was replaced by 5 In another experiment, one of the four flasks had 5 mM NH4Cl added at the beginning of the incubation, whereas others received 5 mM NH4Cl or cycloheximide (10 pg/ml) after 18 h. Cultures were incubated as above, and samples were taken with time.
Effect of light intensity on the derepression of L-asparaginase. Cells from a 500-ml culture were harvested and washed as above, and the pellet was suspended in 250 ml. Five 50-ml samples of the cell suspension were added to 500-ml flasks. One flask received 5 mM NH4Cl and was incubated at 8,000 lux. Light intensity for the incubation of the remaining flasks was adjusted by the use of neutral density screening. Samples were taken with time and assayed as below.
To detect an L-asparaginase-degrading system, a 1-liter culture was grown in medium containing 0.1 mM NH4C1, conditions which are derepressive for L-asparaginase. Cells were harvested, washed, and suspended in 200 ml of ASP U-N. Samples (75 ml) were taken, and to one 5 mM NH4Cl (final concentration) was added. Samples were taken with time and treated as below.
Sampling and L-asparaginase assays. Replicate 5-ml samples were taken from each treatment flask at designated sampling times. The cells were counted and centrifuged at 3,200 x g for 10 min. Pellets were washed once with 0.15 M NaCl containing 10 mM EDTA and suspended in 1.0 ml of 0.05 M borate containing 0.1 mM EDTA. Asparaginase assays were performed by detecting ammonium production (via direct nesslerization) in the presence of L-asparagmne as described previously (11 Cycloheximide completely inhibited the production of asparaginase activity in cells suspended in nitrogen-free medium ( Fig. 2A) . DCMU, an inhibitor of photosystem II of photosynthesis, inhibited asparaginase production by 85% after 48 h. Addition of cycloheximide or ammonium after 18 h stopped the increase in asparaginase activity (Fig. 2B) .
When cells were grown under nitrogen limitation and then suspended in high nitrogen medium, there was an increase in cell number not found in the previous experiments (Fig. 3) . Asparaginase activity per volume culture remained constant under these conditions, whereas the activity of cells suspended in nitrogen-free medium continued to increase (Fig. 3) . Activity per cell in cells suspended in high nitrogen medium did decrease, due to the growth that occurred under these conditions. The effect of light intensity on derepression of asparaginase appears in Fig. 4 . The derepression of asparaginase activity was light dependent, and cells suspended under derepressive conditions in the dark showed no increase in asparaginase (Fig. 4) . This derepression apparently saturates at 4,000 lux, since cells incubated at 8,000 lux did not possess significantly greater activity.
DISCUSSION
An increase in L-asparaginase activity occurred when cells grown at high nitrogen levels were suspended in nitrogen-free medium for 48 h, with a detectable increase after 8 h. The increase in activity was inhibited by cycloheximide, indicating a requirement for de novo protein synthesis. The addition of ammonium to cells in the process of derepression had the same effect as the addition of cycloheximide, inhibiting further derepression. Since activity did not decrease in the presence of ammonium, ammonium (or perhaps an intracellular compound) did not deactivate derepressed asparaginase molecules. Similarly, addition of repressive levels of nitrogen to cells grown under nitrogen limitation caused no decrease in activity per volume culture, suggesting the lack of an asparaginase degrading system in this organism. Cell growth did occur under these conditions, since nitrogen-limited cells were suspended in highnitrogen medium. In all other experiments (where growth did not occur), celLs were first grown in the presence of excess nitrogen and either suspended at a high cell density in nitrogen-free medium or medium with excess nitrogen.
We have also shown that this derepression is light dependent and inhibited by DCMU, an inhibitor of photosystem II of photosynthesis. We could not determine whether oxidative phosphorylation could support derepression since the organism has not been shown to grow heterotrophically (11) . Little work has been done on the regulation of this enzyme in other photosynthetic organisms. In higher plants, asparaginase activity in seeds is apparently regulated in response to seed maturation (1, 8) .
Microorganisms that ferment products of asparagine metabolism or related compounds (i.e., many bacteria) generally show a common pattern of asparaginase regulation. In these organisms the rate of oxygen transfer to the medium, pH (2, 9) , and the concentration of organic acids such as fumarate, lactate, pyruvate, succinate, malate, and oxaloacetate (10) can play a role in the regulation of L-asparaginase. The presence or absence of combined nitrogen often has little effect on L-asparaginase production in these organisms, and anmmonium may stimulate production (6) .
Fungi and yeasts, however, show modes of regulation of L-asparaginase similar to that of the Chlamydomonas enzyme. Dunlop (12) found that this enzyme was also produced in early exponential phase celLs in the presence of nitrogen, but was "super-derepressed" when early exponential phase celLs were incubated with glucose in the absence of nitrogen. Cells of Aspergillus nidulans possessed minimal asparaginase activity if ammonium or glutamine was the nitrogen source for growth, but maximal activity occurred in ammonium-grown cells suspended in nitrogen-free media for 3 h (4).
It is not clear why the derepression of L-asparaginase in this organism takes 24 to 48 h. Gametogenesis in well-characterized, freshwater Chlamydomonas species occurs 12 to 24 h after the onset of nitrogen deprivation (7) . We do not know whether this organism undergoes gametogenesis. We have not observed morphological variation or mating in response to nitrogen deprivation, as only one of the mating types may have been selected in the isolation process. It would be interesting to see how this enzyme and other enzymes of nitrogen metabolism (namely, glutamine synthetase) are regulated in Chlamydomonas species that are known to undergo gametic differentiation in response to nitrogen deprivation.
